Abstract
Background
Colon cancer is a leading cancer and a leading cause of cancer-related deaths both in China [1] and worldwide [2] . Previous reports have shown that approximately onethird of all patients developed stage III or node-positive disease at diagnosis [3, 4] . Curative tumor resection is currently the mainstay treatment of non-metastatic colon cancer. A decade ago, the combined regimen of oxaliplatin and 5-fluorouracil was recommended as the standard postoperative therapy for stage III colon cancer on the basis of reported reduction in the risk of recurrence and death within the first 6 years after treatment [5, 6] . However, in previous studies, one-fourth to one-third of patients with stage III colon cancer would develop distant metastases despite receiving curative-intent treatment [7, 8] . Therefore, it is necessary to identify prognostic factors and individualize postoperative therapy according to patient classification.
Presently, survival outcomes of stage III colon cancer patients are mainly predicted with tumor-associated factors, such as tumor-node-metastasis (TNM) stage, tumor grade, tumor location, and carcinoembryonic antigen (CEA) level [9] [10] [11] . The survival is also determined by host-related factors, in particular, preoperative nutritional status and systemic inflammatory response (SIR) [12] [13] [14] . Accordingly, immunonutritional biomarkers are needed to further refine the staging system beyond tumor-associated factors that have been readily implemented into clinical treatment. Specifically, the SIR level of patients with various types of cancer is generally reflected by lymphocyte-to-monocyte ratio (LMR), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and C-reactive protein (CRP) levels, which are also called SIR markers [15, 16] . The prognostic nutritional index (PNI), which was first proposed by Onodera et al. [17] , is a prognostic index that is reflective of both the nutritional and immunological statuses, and it is determined using the serum albumin level and the lymphocyte count in peripheral blood. Recently, studies have demonstrated that a low PNI predicted poor survival outcomes of patients with different types of malignant tumors originating from the digestive system [18] [19] [20] . To date, the prognostic value of PNI in patients with stage III colon cancer undergoing curative tumor resection followed by adjuvant chemotherapy remains unknown. The present National Comprehensive Cancer Network (NCCN) guidelines recommend the administration of the fixed 6-month adjuvant chemotherapy for the patients with stage III colon cancer [21] . A favorable preoperative immunonutritional status was associated with good tumor response to chemotherapy [22, 23] . The necessity of full-course of adjuvant chemotherapy for stage III colon cancer might be questioned for the patients with a favorable immunonutritional status.
Therefore, the present study aimed to explore the prognostic value of PNI and its relationship with SIR markers and survival benefit of full-course adjuvant chemotherapy in patients with stage III colon cancer, in order to help stratify different risk subgroups and optimize the duration of adjuvant chemotherapy.
Patients and methods

Patient selection
We obtained the records of consecutive patients with stage III colon cancer who underwent tumor resection followed by adjuvant chemotherapy between December 2007 and December 2013 at Sun Yat-sen University Cancer Center, Guangzhou, China. All cases were staged according to the 2010 American Joint Committee on Cancer (AJCC) staging system. The inclusion criteria were as follows: (1) histologically confirmed adenocarcinoma; (2) curative resection of colon cancer; (3) XELOX adjuvant chemotherapy (oxaliplatin 130 mg/m 2 administered intravenously on day 1 and capecitabine 1000 mg/m 2 administered orally twice daily on days 1-14 for a 3-week cycle); (4) complete record of preoperative lymphocyte count and serum albumin level; (5) no anti-cancer therapy before tumor resection; and (6) at least 3-month postoperative follow-up. The present study was performed according to the ethical standards of the World Medical Association Declaration of Helsinki and was approved by the Institutional Review Board and Independent Ethics Committees of Sun Yat-sen University Cancer Center.
Calculation of laboratory data
Laboratory data, including serum albumin and C-reactive protein levels, and blood cell counts, were collected from records of blood routine tests performed within 7 days before surgery. PNI was calculated using the following formula: PNI = serum albumin level (g/L) + 5 × total lymphocyte count (/L) [17] . LMR was calculated by dividing the total lymphocyte count by total monocyte count. Likewise, NLR and PLR were calculated by dividing the total neutrophil and platelet count, respectively, by total lymphocyte count.
Follow-up
Physical examination, blood tests of CEA and carbohydrate antigen 19-9 (CA199), abdominal ultrasonography, and chest radiography were conducted every 3 months postoperatively.
Chest/abdominal/pelvic computed tomography (CT) and colonoscopy were performed annually. Overall survival (OS) was defined as the interval from the date of surgery until death of any cause or the last follow-up; disease-free survival (DFS) was defined as the interval from surgery to disease recurrence, death, or the last follow-up. Patients without any event (metastasis or death) at the last follow-up date were regarded as random censoring. The last follow-up visit was in December 2016.
Statistical analysis
The optimal PNI cutoff value for the prediction of 3-year OS was determined using the Cutoff Finder software program, which is an R software-engineered web-based system (http://molpath.charite.de/cutoff/), with receiver operating characteristic (ROC) curve analysis according to the highest Youden index. Categorical variables were compared using the Chi square or Fisher's exact test. Continuous variables were compared using Student's t test or the Mann-Whitney U test. The correlations of PNI with SIR markers were assessed using Spearman's correlation analysis. Survival outcomes of patients with high and low PNI were compared using Kaplan-Meier estimator and log-rank test. Potential effects of clinical variables on DFS and OS were examined using univariate Cox proportional hazards analyses. Variables that were statistically significant with a P < 0.05 in the univariate Cox model were further assessed with a multivariate Cox model using a forward stepwise method. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated. All analyses were performed using IBM SPSS statistics software, version 21.0 (IBM Corp., Armonk, NY, USA). All statistical tests used in this study were twosided, and a P value < 0.05 was considered significant.
Results
Patient characteristics
Clinical records of 321 consecutive patients were reviewed, and 47 patients were excluded: 36 underwent adjuvant chemotherapy with other regimens, 5 were lost to follow-up, 4 underwent palliative tumor resection, and 2 had no preoperative blood assessment data. Of the 274 eligible patients, 156 (56.9%) were male and 118 (43.1%) were female, with a median age of 55 years (range 22-85 years); 207 (75.5%) had well/moderately differentiated tumors. The median number of metastatic lymph nodes was 2 (range 1-23). With regard to the AJCC stage, 10 (3.6%) patients were diagnosed with stage IIIA colon cancer, 202 (73.7%) with stage IIIB colon cancer, and 62 (22.6%) with stage IIIC colon cancer (Table 1) .
Cutoff values of PNI and SIR markers
ROC curve analysis indicated that the optimal PNI cutoff value was 49.22, at the highest Youden index 0.37, with a sensitivity of 58.6% and specificity of 78.3% [area under the ROC curve (AUC), 0.67; 95% CI 0.55-0.79; P = 0.008; Fig. 1 
Relationships of PNI with clinicopathologic characteristics and SIR markers
The median age of the low PNI group was 58 years (range 27-85 years), which was significantly older than that of the high PNI group (median age 53 years; range 22-79 years; P = 0.003). The relationships between PNI and clinicopathologic characteristics are shown in Table 1 . A low PNI was associated with low preoperative hemoglobin levels (P < 0.001), right-sided colon tumors (P < 0.001), large tumor size (P < 0.001), and high CEA levels (P = 0.031). No significant association was noted between PNI and other clinicopathologic characteristics.
Patients with low PNI presented a significantly lower median lymphocyte count (1.40 × 10 9 /L vs. 2.00 × 10 9 /L, P < 0.001) but higher median CRP level (4.23 mg/L vs. 2.15 mg/L, P < 0.001) compared with those with high PNI. The relationships between PNI and SIR markers among all patients are shown in Table 1 . A low PNI was associated with a low LMR (P < 0.001), a high NLR (P < 0.001), and a high PLR (P < 0.001). PNI was found to be positively correlated with LMR (r = 0.483, P < 0.001, 
Association between PNI and survival outcome
Follow-up data of all included patients were available for analysis. The median follow-up was 46 months (range 3-74 months). During follow-up, 55 (20.1%) patients experienced tumor recurrence, and finally, 30 (10.9%) died of tumor progression. With regard to the entire study population, the 3-year DFS and OS rates were 81.8% and 91.4%.
The relationships between PNI and postoperative metastases are also shown in Table 1 . Postoperative metastasis was more common in the low PNI group than in the high PNI group (25.4% vs. 14.5%, P = 0.024). In contrast, the metastatic sites were not significantly different between the two groups (all P > 0.05). The 3-year DFS and OS rates were significantly lower in the low PNI group than in the high PNI group (DFS: 75.9% vs. 86.5%, P = 0.023, Fig. 3a ; OS: 85.1% vs. 96.6%, P = 0.024, Fig. 3b ). There were no differences in the 3-year DFS and OS rates among patients with stage IIIA-B colon cancer between the low and high PNI groups (DFS: 85.2% vs. 86.5%, P = 0.426, Fig. 3c ; OS: 89.8% vs. 97.5%, P = 0.334, Fig. 3d) . However, among patients with stage IIIC colon cancer, the 3-year DFS and OS rates were significantly lower in the low PNI group than in the high PNI group (DFS: 51.5% vs.78.6%, P = 0.027, Fig. 3e ; OS: 72.3% vs. 92.7%, P = 0.032, Fig. 3f ).
The association of adjuvant chemotherapy with survival was evaluated in both PNI groups. Among patients with a high PNI, the 3-year DFS and OS rates were comparable between those who received 6-8 cycles of XELOX adjuvant chemotherapy and those who received less than six cycles (DFS: 85.4% vs. 92.0%, P = 0.656, Fig. 4a ; OS: 96.7% vs. 96.0%, P = 0.324, Fig. 4b ). Among patients with a low PNI, the 3-year DFS and OS rates were significantly higher in patients who received 6-8 cycles of XELOX adjuvant chemotherapy than in those who received less than six cycles (DFS: 80.8% vs. 58.6%, P = 0.012, Fig. 4c ; OS: 90.5% vs. 65.9%, P = 0.001, Fig. 4d ).
Prognostic analysis of clinical factors
Univariate analysis revealed that a low PNI (HR 1.889; 95% CI 1.094-3.262; P = 0.023) and male gender (HR 1.943; 95% CI 1.081-3.494; P = 0.026) were significant negative predictors for 3-year DFS; a low PNI (HR 2.353; 95% CI 1.118-4.950; P = 0.024) and right-sided colon tumor (HR 2.243; 95% CI 1.089-4.619; P = 0.028) were significant negative predictors for 3-year OS, whereas 6-8 cycles of adjuvant chemotherapy (HR 0.308; 95% CI 0.148-0.640; P = 0.002) was a significant protective factor for 3-year OS (Table 2 ).
In the multivariate Cox proportional hazards model, gender (HR 2.061; 95% CI 1.144-3.713; P = 0.016) and PNI (HR 2.001; 95% CI 1.157-3.462; P = 0.013) were identified as independent predictors of 3-year DFS, and the number of cycles of adjuvant chemotherapy was identified as an independent predictor of 3-year OS (HR 0.325; 95% CI 0.156-0.678; P = 0.003) ( Table 3) .
Discussion
In the current study, we found that a low PNI was significantly associated with SIR markers and poor 3-year survival outcomes in stage III colon cancer patients who received curative surgery and adjuvant chemotherapy, especially in those with stage IIIC colon cancer. Furthermore, we found that only patients with PNI ≤ 49.22 who were treated with 6-8 cycles of XELOX adjuvant chemotherapy had longer survivals compared with those receiving less than six cycles. Moreover, PNI was demonstrated as an independent prognostic factor for 3-year DFS.
Several mechanisms could contribute to the compromise of long-term survival by a low PNI in patients with stage III colon cancer. First, it has been widely accepted that SIR is an important regulator of tumor cell growth, angiogenesis, migration, invasion, and metastasis through the recruitment of T lymphocytes, tumor-associated PNI prognostic nutritional index, BMI body mass index, TNM stage clinical tumor-node-metastasis stage, CEA carcinoembryonic antigen, LMR lymphocyte-tomonocyte ratio, NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio a XELOX adjuvant chemotherapy was administrated as follow: oxaliplatin 130 mg/m 2 administered intravenously on day 1 and capecitabine 1000 mg/m 2 administered orally twice daily on days 1-14 for a 3-week cycle b The metastatic sites of 4 patients were not recorded macrophages, and circulating cytokines [24, 25] . As a basic component of cellular immunity, a low lymphocyte count might be responsible for a poor and insufficient immunologic reaction against tumor progression. Iseki et al. [26] reported that patients with high peripheral lymphocyte count and percentage were likely to achieve a higher 5-year survival rate than those with low peripheral lymphocyte count and percentage. On the other hand, a decreased serum albumin level partially reflects a malnutritional status in the host and weak human systematic defense, and thus, might be associated with increased morbidity and mortality of cancer [27, 28] . Additionally, albumin has been identified as an important marker to aid in cancer control through stabilization of cell growth and DNA replication, and it serves as a versatile factor for multiple antioxidants and even protects against sex hormone-induced cancers [29] . In vivo, the absence of albumin was confirmed as being associated with a disturbed inflammatory response [30] . Previous studies have demonstrated that patients with decreased PNI may have an enhanced SIR, thus leading to a poor prognosis among cancer patients [31, 32] , and these findings are consistent with our results. Therefore, it is quite understandable that an association of PNI with long-term prognosis was found in colon cancer patients. Interestingly, we found that PNI was associated with OS and DFS in patients with stage III colon cancer, especially with stage IIIC colon cancer. This could be mainly attributed to the disparate characteristics between stage IIIC and stage IIIA-B colon cancer patients. Zhang et al. [31] have shown that PNI was closely associated with OS in patients with metastatic intrahepatic Fig. 2 Correlations of the prognostic nutritional index (PNI) with systemic inflammatory response (SIR) markers in all patients with stage III colon cancer. Correlations between PNI and (a) lymphocyte-to-monocyte ratio (LMR), (b) neutrophil-to-lymphocyte ratio (NLR), (c) platelet-to-lymphocyte ratio (PLR), and (d) C-reactive protein (CRP) level were assessed using Spearman's correlation analysis cholangiocarcinoma, but this association was not found in patients with local disease. In general, patients with advanced disease were more likely to undergo long-term severe nutritional consumption, and these patients subsequently experienced more severe weight and muscle loss. Additionally, these long-term severe nutritional consumption could easily lead to malnutrition and an aggravated inflammatory status [33] . Furthermore, patients with stage IIIC colon cancer might experience high tumor burden, which might promote the presence of a high amount of circulating inflammatory cytokines to maintain immunosuppression [34] . Therefore, the long-term survival of patients with stage IIIC colon cancer was more susceptible to the preoperative immunonutritional status. Currently, available data recommends 6 months of oxaliplatin-based adjuvant chemotherapy as the routine postoperative therapy for stage III colon cancer patients [35] . Similarly, our present study found that 6-8 cycles of adjuvant chemotherapy was a protective factor of 3-year OS in total patients. However, we observed the different survival impact of adjuvant chemotherapy intensity among patients with either a high or low PNI. Patients with a high PNI did not benefit more from full-course (6-8 cycles) adjuvant chemotherapy compared with those receiving less than six cycles of XELOX adjuvant chemotherapy. However, for patients with a low PNI, full-course XELOX adjuvant chemotherapy was associated with higher 3-year DFS and OS rates. These findings might indicate that the malnutritional status may impair the efficacy of adjuvant chemotherapy. Previous data have shown that improved immune function reduced the recurrence rate and prolonged the survival of patients postoperatively [36, 37] . We consider that the high PNI group benefited from the combined anti-cancer impact of chemotherapy and enhanced immune function, and thus, no difference in survival was found between patients who received less than 6 and 6-8 cycles of adjuvant chemotherapy. It is necessary to pay more attention to assess the immunonutritional status for the better guidance of adjuvant chemotherapy. We consider that 6-8 cycles of XELOX adjuvant chemotherapy should be performed for patients with a low PNI to minimize the risk of tumor recurrence.
We found that a low PNI was also associated with old age, and this finding is consistent with the results of previous studies [38, 39] . The finding indicates that malnutrition and immunosuppression have become common problems in elderly patients who underwent surgery. In addition, the present study demonstrated that PNI was a The disease-free survival (DFS) curves in the high PNI group; b the overall survival (OS) curves in the high PNI group; c the DFS curves in the low PNI group; d the OS curves in the low PNI group associated with aggressive clinicopathologic features of colon cancer patients, including a low hemoglobin level, right-sided colon tumor, large tumor size, and high CEA level. Moreover, PNI served as a predictor for advanced tumor depth, lymph node involvement, tumor undifferentiation, and poor TNM classification in colorectal cancer [40, 41] . These findings clearly showed that a low preoperative immunonutritional status indicated a high potential risk of tumor recurrence for colorectal cancer patients.
Previous studies have identified PNI as a valuable marker for predicting oncologic prognosis owing to several strengths, including high reliability, high reproducibility, and low cost [38, 42] . Therefore, it can be easily applied in clinical practice and serve as a valuable tool in prognostication for patients with colon cancer. Determining the preoperative PNI could provide useful information for the therapeutic decision-making. For the low PNI group, a feasible nutrition intervention before or during anti-cancer treatment was necessary. Nutrition support combined with anti-cancer treatment has been confirmed to prolong survival in advanced gastric cancer patients with a high risk of malnutrition [43] . Moreover, in a previous study, enteral nutrition increased the chance of chemotherapy completion that was planned in malnourished patients, which could further translate into survival prolongation [44] . In addition, PNI will be helpful for making clinical decisions on postoperative treatment in patients with stage III colon cancer. Once patients were diagnosed with stage IIIC disease with low PNI, we strongly recommend intensified or full-course adjuvant chemotherapy.
Unlike the multivariate analysis results of the present study, accumulating evidence supported that advanced T and N stages were associated with worse survival outcome in stage III colon cancer patients [45, 46] . In fact, the entire study population showed a favorable 3-year DFS and OS rates (81.8% and 91.4%) with up to 80% patients receiving at least 6 cycles of XELOX chemotherapy after curative tumor resection in the current study. A previous study has demonstrated that benefits of adjuvant chemotherapy did not vary based on N stage [47] . Therefore, the protective effect of adjuvant chemotherapy might overcome the survival impact of N or T stage. In addition, we found male and right-sided colon tumor were risk factors of short survival in patients with stage III colon cancer. A pooled analysis on the Adjuvant Colon Cancer End Points (ACCENT) database indicated that the male gender was associated with significantly inferior prognosis of early-stage colon cancer when compared with the female gender in terms of time to recurrence, DFS, and OS [48] . There may be broad underlying hormonal, genetic, or molecular mechanisms that predispose women to more favorable prognosis. Another prognostic analysis revealed that patients with stage III colon cancer located proximally had shorter survival than those with cancer located distally [9] . Symptoms of right-sided colon cancer are often lacking or unspecific, and specific symptoms (such as obstruction and bleeding) occur when the cancer is advanced. Moreover, gradual linear increases in CpG island methylator phenotype, microsatellite instability, and v-Raf murine sarcoma viral oncogene homolog B1 (BRAF) mutations from the rectum to the ascending colon indicated that tumors originating in the right-sided colon were less differentiated, more aggressive and advanced compared with those in the leftsided colon, which contributed to poor survival outcome in patients with right-sided colon cancer [49, 50] . Some limitations of the present study should be acknowledged. First, this retrospective study included an uncontrolled methodology and a limited number of patients from a single institution. Therefore, the findings need to be validated in a larger cohort of patients. Second, PNI was only assessed at a single time point before treatment, and its changes during anti-cancer therapy, which may have a more significant prognostic impact on patients, were not determined. Moreover, the 5-year survival data were unavailable owing to insufficient follow-up duration. This limitation may have led to underestimation of the PNI impact on OS. Nevertheless, we suggest that PNI should be considered in the routine evaluation of colon cancer patients before surgery.
Conclusions
The present study revealed that PNI could serve as a simple and valuable marker for predicting long-term survival and SIR in patients with stage III colon cancer undergoing curative tumor resection followed by adjuvant chemotherapy. The preoperative PNI is suggested as an item of the routine assessment for colon cancer patients.
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